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The	  SM	  Higgs	  boson	  
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Recent	  results	  from	  CMS	  reported	  here,	  all	  based	  on	  2016	  data:	  
• 	  Higgs	  in	  WW*	  (HIG-‐16-‐042,	  very	  recent	  result)	  
• 	  Higgs	  in	  ZZ*	  	  	  	  	  (HIG-‐16-‐041,	  JHEP	  11	  (2017)	  047)	  
• 	  Higgs	  in	  γγ	  	  	  	  	  	  	  (HIG-‐16-‐040,	  arXiv:1804.01716	  	  submiTed	  last	  week)	  
• 	  Higgs	  in	  llγ	  	  	  	  	  	  	  (HIG-‐17-‐007,	  very	  recent	  result,	  see	  Chia-‐Ming	  Kuo‘s	  talk)	  	  
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• 	  	  High	  BR	  but	  poor	  mass	  resoluZon	  
• 	  two	  opposite	  signs	  lepton	  (eμ,	  ee,	  μμ	  ),	  	  
missing	  pT	  and	  addiZonal	  jets/leptons	  targe_ng	  
also	  VBF,	  VH	  
• 	  main	  backgrounds	  are	  top	  in	  eμ,	  DY	  in	  same-‐
flavour	  categories,	  W+jets.	  Data-‐driven	  
esZmaZons	  	  
• 	  WW	  as	  irreducible	  background	  
• 	  exploit	  spin	  0	  of	  Higgs	  for	  H-‐>WW,	  where	  
leptons	  are	  emiTed	  closer,	  to	  suppress	  the	  
backgrounds	  	  
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Higgs	  into	  WW	  	  

Signal	  extracted	  from	  2D	  	  fit	  to	  mll	  and	  mT	  	  (ggH)	  ,	  from	  mll	  (VBF)	  or	  ΔRll	  (WH)	  	  

ggH	  0-‐jet	  	  	  
different	  flavour	  

VBF	  2-‐jets	  	  	  
different	  flavour	  

WH	  3-‐leptons	  	  	  
different	  flavour	  
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Higgs	  into	  WW	  	  
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µ =1.28 ± 0.10(stat.)−0.11
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• 	  Main	  experimental	  systemaZcs:	  data-‐driven	  background	  esZmaZons,	  lepton	  efficiencies	  	  
• 	  Best	  fit	  value	  from	  a	  simultaneous	  fit	  to	  all	  categories	  with	  mH=125.09:	  

• 	  Observed	  (Expected)	  significance	  9.1	  (7.1)	  sigma,	  first	  observaZon	  in	  CMS	  alone	  	  
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Higgs	  into	  WW	  	  
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Fit	  in	  the	  k-‐framework:	  

kF	  for	  ggH,	  TH,	  bbH,	  	  kV	  for	  VBF,	  VH	  

μV	  vs	  	  μF,	  separaZng	  producZon	  
processes	  driven	  by	  vector	  boson	  
coupling	  (VBF,	  VH)	  vs	  fermion	  
coupling	  (ggF,	  TH)	  
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• 	  Good	  mass	  resoluZon,	  best	  S/B,	  but	  
low	  staZsZcs	  
• 	  7	  different	  categories	  targe_ng	  ggH,	  
VBF,	  VH,	  TH	  	  
• 	  signal	  extracted	  from	  2D	  fit	  of	  m4l	  and	  
kinemaZc	  discriminant	  
• 	  Dominant	  experimental	  uncertainZes:	  
lepton	  efficiencies	  and	  luminosity	  
• 	  Dominant	  theoreZcal:	  ggH	  predicZon	  
and	  migraZons	  among	  categories	  	  	  

 (GeV)l4m
100 110 120 130 140 150 160 170

   
   

   
 

ki
n

bk
g

D

0

0.2

0.4

0.6

0.8

1

1.2

Ev
en

ts
 / 

bi
n

0

0.2

0.4

0.6

0.8

1

1.2

 4e
µ 4
µ 2e2

untagged
VBF-1j tagged
VBF-2j tagged

VH-hadr. tagged
VH-lept. tagged

 taggedmiss
TVH-E

H taggedtt

 (13 TeV)-135.9 fbCMS

 (GeV)l4m
70 80 90 100 110 120 130 140 150 160 170

Ev
en

ts
 / 

2 
G

eV

0

10

20

30

40

50

60

70
 (13 TeV)-135.9 fbCMS

Data
 H(125)

*γZZ, Z→q q
*γZZ, Z→ gg

 Z+X



Higgs	  into	  ZZ	  	  	  

8	  Elisabe(a	  Gallo	  -‐	  DIS2018	  -‐	  Higgs	  into	  boson	  in	  CMS	  

µ
0 1 2 3 4 5

 0.00−
1.19+ =  0.00

Htt
µ

 0.00−
2.66+ =  0.00

VHlep
µ

 0.00−
2.82+ =  0.00

VHhad
µ

 0.05−
1.03+ =  0.05

VBF
µ

 0.21−
0.22+ =  1.20

ggH
µ l 4→ ZZ* →H 

 = 125.09 GeVHm

0.17−
0.19+ = 1.05

comb.
µ

 (13 TeV)-135.9 fbCMS

µ
0 2 4 6 8 10

0.00−

0.86+ = 0.00µH tagged   tt

1.25−

8.75+ = 1.25µ      tagged 

miss
T  VH-E

0.00−

1.92+ = 0.00µ      tagged
VH-leptonic

0.48−

0.78+ = 0.76µ       tagged
VH-hadronic

0.34−

0.51+ = 0.63µ    tagged  
VBF-2jet  

0.32−

0.41+ = 0.97µ    tagged  
VBF-1jet  

0.21−

0.23+ = 1.17µuntagged    l 4→ ZZ* →H 
 = 125.09 GeVHm

0.17−
0.19+ = 1.05

comb.
µ

 (13 TeV)-135.9 fbCMS

€ 

µ =1.05−0.14
+0.15 (stat.)−0.09

+0.11(syst.) at	  mH=	  125.09	  GeV	  (Run	  1	  combinaZon)	  



Higgs	  into	  ZZ	  	  	  

9	  Elisabe(a	  Gallo	  -‐	  DIS2018	  -‐	  Higgs	  into	  boson	  in	  CMS	  

 (GeV)Hm
124.5 125 125.5 126

 ln
L

∆
-2

 
0

1

2

3

4

5

6

7

8
4lm'

massD', 4lm'

bkg
kinD, massD', 4lm'

 (stat. only)bkg
kinD, massD', 4lm'

 (13 TeV)-135.9 fbCMS

No m(Z1) constraint 3D: L(m4`,Dmass,Dkin
bkg) 2D: L(m4`,Dmass) 1D: L(m4`)

Expected mH uncertainty change +8.1% +11% +21%
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Expected mH uncertainty change — +3.2% +11%
Observed mH (GeV) 125.26±0.21 125.30±0.21 125.34±0.23

• 	  World‘s	  most	  precise	  mass	  measurement	  in	  a	  
3D	  fit,	  constraining	  the	  highest	  mll	  (Z1)	  to	  be	  
equal	  to	  mZ.	  	  
• 	  SystemaZc	  error	  dominated	  by	  the	  lepton	  
energy	  scale.	  

mH=	  125.26±0.20	  (stat.)	  ±0.08	  (syst.)	  GeV	  
	  	  	  	  	  	  =	  125.26	  ±	  0.21	  GeV	  	  (CMS,	  2016	  data)	  

mH=	  125.09	  ±	  0.21	  (stat.)±	  0.11	  (syst.)	  GeV	  
(Run	  1	  legacy	  ATLAS+CMS	  combinaZon)	  



Higgs	  into	  γγ	  
• 	  High	  staZsZcs	  and	  mass	  resoluZon	  	  
• 	  BDT	  for	  the	  idenZficaZon	  of	  prompt	  photons	  
• 	  MulZvariate	  regression	  technique	  to	  determined	  
the	  energy	  of	  the	  photon,	  calibraZon	  with	  Z-‐>ee	  
events	  
• 	  BDT	  for	  the	  vertex	  assignment	  
• 	  Event	  categories	  targe_ng	  different	  producZon	  
modes	  and	  using	  a	  dedicated	  diphoton	  BDT	  	  
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Dominant	  uncertainZes:	  
• 	  photon	  shower	  shape	  modelling	  
and	  energy	  scale	  
• 	  luminosity	  
• 	  jet	  energy	  scale	  (especially	  for	  VBF)	  
• 	  QCD	  theory	  (scale	  and	  BR)	  
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Conclusions	  
• 	  H	  -‐>	  WW:	  

• 	  ObservaZon	  of	  H	  in	  WW	  in	  CMS	  alone	  
and	  precise	  measurement	  of	  couplings	  to	  
fermions	  and	  bosons	  	  

• 	  H-‐>ZZ	  and	  H-‐>	  γγ:	  
• 	  more	  and	  more	  precision	  in	  couplings	  
• 	  (differenZal/STXS)	  cross	  secZons	  (see	  G.	  
Ortona‘s	  talk)	  
• 	  currently	  most	  precise	  mass	  
measurement	  is	  in	  the	  CMS	  ZZ	  channel,	  
mH=125.26	  ±	  0.21	  GeV	  

These	  3	  results	  included	  in	  the	  overall	  
combinaTon	  (ggH	  ~	  11%,	  VBF~	  41%)	  

• 	  Rare	  decays	  	  H-‐>	  γ*γ	  	  and	  H-‐>Zγ	  
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Higgs	  into	  llγ	  

• 	  Rare	  decay	  
• 	  Diagrams	  contribuZng	  and	  BRs:	  
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• 	  Signature	  is	  a	  pair	  of	  opposite-‐sign	  muons	  or	  electrons	  and	  a	  photon.	  The	  two	  processes	  
	  H-‐>Zγ	  and	  H-‐>γ*γ	  interfere	  and	  are	  experimentally	  separated	  in	  the	  selecZon	  via	  a	  cut	  on	  mll.	  	  
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	  γ*γ	  
• 	  mll<	  50	  GeV	  
• 	  only	  the	  muon	  
channel	  	  
• 	  	  split	  in	  4	  categories	  
with	  different	  
sensiZvity	  

	  Zγ	  	  
• 	  mll>	  50	  GeV,	  
• 	  e	  and	  μ	  channels	  
• 	  	  	  	  categories	  for	  	  
VBF,	  VH,	  boosted,	  
untagged	  

Barrel	  not-‐converted	  
photon	  

Barrel	  converted	  
photon	  

Endcaps	  
photon	  

Events	  with	  2	  
jets	  -‐	  VBF	  
selecZon	  

the	  4	  categories	  in	  γ*y:	  
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Upper	  limits	  at	  95%	  CL	  on	  Higgs	  producZon	  X	  BR	  for	  the	  two	  channels:	  

Combined	  observed	  (expected)	  upper	  limit:	  3.9	  (2.0)	  X	  SM	  expectaZon	  for	  a	  125	  GeV	  mass	  
p-‐value	  for	  background-‐only	  hypothesis:	  0.02,	  ~	  2	  sigma	  


